In this study solid dispersion (SDs) of gliclazide were prepared by solvent evaporation technique using poloxamer 407 as carrier. Drug carrier weight ratio were 1:1, 1:3 and 1:5. Physical mixtures of the same ratio were also prepared for comparison. The solid dispersions were investigated for drug loading and dissolution behavior and were found effective to enhance the solubility of gliclazide in dissolution medium significantly. Evaluation of the properties of the SDs was also performed by using Fourier-transform infrared (FTIR) spectroscopy and X-ray diffraction (XRD) studies. The FTIR spectroscopic studies showed the stability of gliclazide and absence of interaction between gliclazide and poloxomer 407. The XRD studies indicated the amorphous state of gliclazide in SDs. Dissolution data of SDs were compared by using both model dependant and model independent techniques. No significant difference in % DE (dissolution efficiency) was found among the SDs. But the drug release rate from SDs differs from that of physical mixture. So, solid dispersion technique may be an effective way to enhance dissolution rate of gliclazide.
Introduction
Up to 40 percent of new chemical entities discovered by the pharmaceutical industries today are poorly soluble or lipophilic compounds that exhibit many difficulties in the development of pharmaceutical dosage forms due to their limited water solubility, slow dissolution rate and low bioavailability (Najmuddin et al., 2010) . Now-a-days, pharmaceutical technology provides many approaches to enhance the dissolution rate of poorly soluble drugs. These include micronization, salt formation and formulation of the drug as a solid dispersion (SD). For many compounds, however, decreasing the particle size may not lead to a significant or adequate increase in bioavailability. Salt formation may also be problematic, particularly with neutral compounds and weak acids.
Solid dispersion technology is the science of dispersing one or more active ingredients in an inert matrix in the solid stage in order to achieve increased dissolution rate. Solid dispersions are prepared by various methods like fusion process, solvent process, fusion solvent process and supercritical fluid process (Sekiguchi and Obi, 1961) . Solid dispersion method has been widely employed to improve the dissolution rate, solubility and oral absorption of poorly water soluble drugs. Numerous solid dispersion systems have been demonstrated in the pharmaceutical literature along with various hydrophilic carriers, such as polyethylene glycols, polyvinylpyrrolidone, hydroxypropyl methylcellulose, gums, sugar, mannitol and urea (Tanaka et al., 2006) .
Chemically gliclazide is [1-(3-azabicyclo (3,3,0) oct-3-yl)-3-p-tolylsulfonylurea]. It is a second generation hypoglycemic sulfonylurea which is useful in the treatment of non-insulin dependent diabetes mellitus (NIDDM). Prior reports reveal that the drug shows good tolerability, low incidence of hypoglycemia, and a low rate secondary failure (Harrower, 1994) . In addition, it has a potential for slowing the progression of diabetic retinopathy. For the reasons stated gliclazide appears to be a drug of choice in long term sulfonylurea therapy for the control of NIDDM (Harrower, 1994) . Gliclazide is a white crystalline powder, relatively insoluble in water. The pKa of gliclazide is 5.8. It exhibits slow GI absorption rate and inter individual variations of its bioavailability (Palmer and Brogden, 1993) . The slow absorption rate of drug usually originates from either poor dissolution of drug from the formulation or poor permeability of drug across Correspondence to: S.M. Ashraful Islam, Department of Pharmacy, University of Asia Pacific, Dhaka, Bangladesh; Tel:+880-2-9664953, Ext-136; E-mail address: ashraf@uap-bd.edu GI membrane. The slow dissolution can be attributed, at least in part, to hydrophobicity of gliclazide powder as evidenced by poor wetting of powder surface by water. For poorly water soluble and highly permeable (class-II) drugs, the rate of oral absorption is often controlled by the dissolution rate in the gastrointestinal tract. Therefore, together with permeability, the solubility and or dissolution rate of a drug are key determinants of its oral bioavailability.
The objective of this work was to investigate the improvement in the solubility and dissolution rate of gliclazide by preparing solid dispersion with poloxamer 407. Poloxamer 407 facilitates solubilisation of poorly water soluble molecules like indomethacin (Dimitrova et al., 2000) or insulin (Barichello et al, 1999) . Solubility of piroxicam in water was increased by 11-fold by adding 22.5% w/w Poloxamer 407 (Shin and Cho, 1997) . Incorporation of Poloxamer 407 in solid dispersion of poorly water-soluble molecules, like nifedipine or piroxicam, led to marked improvement and thus promoted faster and more complete dissolution (Shin and Cho, 1997) .
Dissolution enhancement of gliclazide by using PEG 6000 was also reported earlier (Biswal et al., 2008) , but enhancement by using Poloxamer 407 was not reported earlier. So we used this in the current study to enhance the dissolution rate of this poorly water soluble drug. Dissolution data were compared by using both model dependant (Zero order model, First order, Hixson-Crowell cube root law and Higuchi square root law) and model independent (difference factor (f1), similarity factor (f2), dissolution efficiency (%DE) (Costa and Lobo, 2001 ) for comparison.
Materials and Methods

Materials:
Standard of gliclazide was a kind gift from General Pharmaceuticals Ltd, Bangladesh. Poloxomer 407 was procured from BASF, Germany. All other chemicals and reagents used in this study were of analytical grade.
Preparation of solid dispersion: Solid Dispersions of gliclazide in poloxomer 407 in different weight ratios (1:1, 1:3, 1:5) were prepared by solvent evaporation method and denoted as SD 1/1, 1/3 and 1/5 respectively. Gliclazide was dissolved in sufficient amount of methanol and the carrier was added. The solvent was then completely evaporated at 40-45º C and the resulting residue was dried under vacuum for 3 h, stored in desiccators at least overnight, ground in a mortar, and passed through a #100 sieve.
Preparation of physical mixer of gliclazide:
Gliclazide and polymer (poloxamer 407) at different ratio (1:1, 1:3 and 1:5) were weighed by a calibrated balance (AY-200, Shimadzu, , Japan) and physical mixtures were prepared by light trituration for 2 minutes by using mortar pestle. The mixture was passed through a 40 mesh size sieve. The prepared mixture was then filled in glass vials and coded as PM1/1, PM 1/3 and PM1/5, sealed and stored in a desiccator till further use.
Determination of drug content in solid dispersions (SDs) and physical mixtures (PMs):
To determine the potency, SD and PM equivalent to 10 mg gliclazide was taken and dissolved in 100 ml phosphate buffer pH 7.4, described as dissolution medium, in BP-2010 for gliclazide tablet. Then the solution was filtered and assayed by Shimadzu UV/Visible double beam spectrophotometer. Absorbance of the above solution was measured at 226nm and 290nm using phosphate buffer pH 7.4 as blank. Absorbance was calculated by subtracting the absorbance at 290nm from the absorbance at 226 nm as described in BP 2010. Finally the amount of drug in each formulation was calculated.
Solid State Characterization of SDs
Fourier-transform infrared spectroscopy: Fouriertransform infrared (FT-IR) spectra were obtained by using an FT-IR spectrometer-430. The samples (gliclazide or SDs) were previously ground and mixed thoroughly with potassium bromide, an infrared transparent matrix, at 1:5 (Sample: KBr) ratio, respectively. The KBr discs were prepared by compressing the powder at a pressure of 5 tons for 5 min in a hydraulic press. Scans were obtained at a resolution of 4 cm -1 , from 4000 to 500 cm -1 .
X-ray diffraction: X-ray powder diffraction patterns were obtained at room temperature using a D 8 ADVANCE X-ray diffractometer (BRUKER, Germany) with Cu as anode material and graphite monochromator, operated at a voltage of 35 kV and 20 mA current. The samples were analysed in the 2θ angle range of 5°-70° and the process parameters were set as: scan step size of 0.02° (2θ), and scan step time of 0.5 degree/min.
In vitro dissolution study: Dissolution method described in BP 2010 was used to determine the percent drug release. The tests were performed for the pure gliclazide, physical mixture and solid dispersions, using dissolution test apparatus type II (Veego, VDA-8DR, USP Standards) using 900 ml of phosphate buffer PH 7.4 as dissolution medium. The temperature of the medium was maintained at 37 0 C±0.5 o C throughout the experiment. The samples containing 80 mg of gliclazide or its equivalent solid dispersions and physical mixture were placed in the dissolution medium. Paddle was used at a stirring rate of 100 rpm. A 10 ml aliquot was withdrawn at predetermined time intervals of at 2, 5, 15, 30, 40 and 60 minutes and then 10 ml of fresh dissolution medium was replaced to maintain the constant volume of dissolution medium. From the samples collected, 1 ml was diluted with dissolution medium and the absorbance of the diluted solutions were measured at 226 nm and 290 nm using Shimadzu UV/Visible double beam spectrophotometer (Shimadzu, Japan) against dissolution medium as blank.
Percentage of drug release was calculated using the equation obtained from the standard curve prepared in the media.
Comparison of Dissolution Data by Model Dependent Methods
To study the release kinetics, data obtained form in vitro drug release study were tested with the following mathematical model.
Zero order equation:
The equation assumes that the cumulative amount of drug release is directly related to time. The equation may be as follows:
---------------------------------------------------------(1)
Where, K 0 is the zero order rate constant expressed in unit concentration/time and t is time. A graph of concentration vs time would yield a straight line with a slope equal to K 0 and intercept the origin of the axes.
First order equation:
The release behavior of first order equation is expressed as log cumulative percentage of drug remaining vs time. The equation may be as follows (Wagner, 1969) :
Where, C = The amount of drug un-dissolved at t time, C 0 = Drug concentration at t = 0, k = Corresponding release rate constant.
Higuchi square root law: The Higuchi release model describes the cumulative percentage of drug release vs square root of time. The equation may be as follows (Higuchi, 1961) :
------------------------------------------------------(3)
Where, Q = the amount of drug dissolved at time t. K is the constant reflecting the design variables of the system. Hence, drug release rate is proportional to the reciprocal of the square root of time.
Hixson-Crowell cube root law: It is the law that represents idea about the evaluation of drug release pattern changes with the surface area and the diameter of the particles. It is mentioned as the cube root of the percentage of drug remaining in the matrix vs time (Hixon and Crowell, 1931) . The equation is as follows
Where, Q 0 = Initial amount of the drug in the tablets; Q t = The amount of drug release in time t; k HC = The rate constant for the Hixson-Crowell cube root law
Comparison of Dissolution Data by Model Independent Methods
Data obtained form in vitro drug release studies were tested with the different model independent technique: dissolution efficiency (%DE) difference factor (f1), similarity factor (f2).
Dissolution efficiency (%DE) was employed to compare the drug release from different solid dispersion. Dissolution efficiency is the area under the dissolution curve within a time range (t 1 -t 2 ) expressed as a percentage of the dissolution curve at maximum dissolution, over the same time frame (Anderson et al., 1998) . This was calculated from the equation:
where, y is the percentage dissolved at time t Difference factor (f 1 ) and similarity factor (f 2 ) were calculated to find out similarity of solid dispersion and physical mixture. Difference factor f 1 is the percentage difference between two curves at each point and is a measurement of the relative error between the two curves. The similarity factor (f 2 ) is a logarithmic reciprocal square root transformation of the sum of squared error and is a measurement of the similarity in the percent (%) dissolution between the two curves. The following equations were used to calculate difference factor f 1 and similarity factor f 2 :
where, n is the number of time points, Rt is the dissolution value of reference product at time t and T t is the dissolution value for the test product at time t.
Similarity factor f 2 has been adopted by FDA (1997) and the European Agency for the Evaluation of Medicinal Products (EMEA, 2001) by the Committee for Proprietary Medicinal Products (CPMP) to compare dissolution profile. Two dissolution profiles are considered similar and bioequivalent, if f 1 is between 0 and 15 and f 2 is between 50 and 100 (FDA, 1997).
Results and Discussion
Physical appearance and potency of prepared solid dispersion:
The gliclazide solid dispersions were prepared employing solvent evaporation method. All solid dispersions were white fine powders. No discoloration was observed during preparation of SD. Prior to in-vitro dissolution study the prepared solid dispersion was subjected to potency test. Three measurements were performed and Potency ± SD of different SD and PM with pure drug is shown in table1. Potency of gliclazide was between 95-101%. 
Solid State Characterization
The solid state characterization of drug and SD were investigated using FTIR and XRD to find out chemical interaction and crystalline nature of gliclazide and SD.
Fourier-transform infrared spectroscopy: Fouriertransform infrared (FT-IR) spectroscopy was used to characterize possible interactions between the drug and the carrier in solid state. The IR spectra of SDs and PMs were compared with the standard spectrum of gliclazide. The IR spectrum of gliclazide was characterized by the absorption of carbonyl (C=O) and NH group at 1708.96 cm -1 and 3273.26 cm -1 , respectively. In the spectra of SDs and PMs, peak for the carbonyl absorption of (C=O) was in the same frequencies (1708.96 cm -1 ) but the peak for NH group shifted to 3274.22 SDs. So we can say that, there is no drug carrier interaction in SD and PM. IR spectra of Gliclazide, polymer and each sample of SD are shown in figure 1-3. XRD study to characterize the SDs: Solid state characterization of drug and SD were investigated using XRD to find out crystalline nature of gliclazide and solid dispersion (SD 1/5). The diffraction spectrum of pure gliclazide showed that the drug was crystalline in nature as it was emonstrated by numerous peaks. Numerous diffraction peaks of gliclazide were observed at 20 of 10.48, 18.16 20.78 and 22.2 ( Figure 5 ) indicating crystalline Gliclazide. Some changes in the peak positions of Gliclazide were observed in SDs 1/5. The prominent peaks in the SD were 19.08 and 23.28 Peak intensity was also decreased in SD.
The relative reduction of diffraction intensity of gliclazide in SD preparations at these angles suggests that the size of the crystals was reduced. The results of this study imply that gliclazide is present in partially amorphous or microcrystalline form in the SDs. X-ray diffraction spectrum of pure gliclazide and SD1/5 are shown in fig: 5-6. 
Dissolution profile of Gliclazide from binary Solid Dispersion
The purpose of the study was to increase the dissolution rate of gliclazide, a poorly water soluble drug. Poloxamer 407 in different ratio was used to prepare SDs and PMs for this purpose. All solid dispersions prepared by solvent evaporation method were found to be granular, fine and free flowing.
Here 80 mg of pure gliclazide powder was used for dissolution study. It was found only 4.8% was released after 5 minutes, 49.3 % was released after 40 minutes and 65% was released after one hour.
Mixture of gliclazide and poloxamer 407 (PM 1/1, PM 1/3 and PM 1/5) were used for dissolution study. It was found that 42.2% for PM 1/1 and 45.2% for PM 1/5 were release after 5 minutes. 75% for PM 1/1 and 85% for PM 1/5 were released after 40 minutes (Figure 7 ). Solid dispersion of gliclazide and Poloxamer 407 (SD 1/1, SD 1/3 and SD 1/5) were used for dissolution study.
Drug released from SD1/1 was found 60% within 5 minutes, 99.55% within 40 minutes and drug release from SD1/5 was found 68% within 5 minutes and 100% within 30 minutes.
All the solid dispersions show better release profiles compared to the physical mixtures and the drug itself. All solid dispersions show 100% release within 30 minutes where the drug and physical mixtures show delayed release (100% release at 45 or 60 minutes). We also observed that drug release rate was increased with increasing the water soluble polymer (poloxamer 407).
In solid dispersion a fraction of the drug might molecularly disperse in the matrix. When the solid dispersion is exposed to aqueous media, the carrier dissolves and the drug releases as fine colloidal particles. But in case of physical mixer there drugs are not molecularly dispersed in the matrix. For this reason drug release from solid dispersion is more than physical mixer.
So, from the present released study we can say that solid dispersion may be an effective method to enhance dissolution of gliclazide.
Drug Release Kinetics
In this study SDs were prepared by solvent evaporation method. (Table 2 ). This may be due to the slow release rate of pure drug and higher release rate of SDs. SDs and PMs followed 1 st order release kinetics. 
Model Independent Analysis of Dissolution Data
The % DE indicates the overall performance of the carrier in drug release. % DE of all the prepared SDs along with pure drug and PMs were calculated (n=6) and shown in table 3. The results indicate that solid dispersion is more effective to increase the dissolution rate than physical mixture as % DE is more than 80% in case of SDs and around 65% in case of PMs. % DE of pure drug is very low (30.53%). % DE increases with increase of carrier both in SDs and PMs. But the increase of % DE is not proportional to the amount of carrier. The percent drug release was also compared by difference factor (f 1 ) and similarity factor (f 2 ). SD 1/1 was used as reference to calculate the f 1 and f 2 . Table 3 shows the f 1 , f 2 values of different solid dispersion and physical mixture in respect of SD 1/5 as a reference. Physical mixtures were more found different than solid dispersion as f 2 is less. On the other hand, all the solid dispersions are found similar (f 2 is greater than 50). So we can conclude that, although % DE is different for different SDs but the difference in % DE is not significant. Again, f 1 , f 2 values of different PMs in respect of PM 1/1 were also calculated and shown in table 4. All the PMs were found similar (f 2 is greater than 50). 
Conclusion
Solid dispersions of gliclazide with poloxamer 407 in different ratios were prepared to improve dissolution characteristics. Solvent evaporation method was employed to prepare solid dispersions. In vitro dissolution studies showed that solid dispersions were effective in increasing the dissolution of gliclazide and gave greater release rate than pure drug. Dissolution data were analyzed by model dependant and independent technique. The experiment proves that SDs of poloxomer 407 were better than PMs for higher drug release. So, Solid dispersion technique may be an effective technique to enhance dissolution rate of gliclazide. However, in vivo study is required for final selection of carrier.
